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Numerical Simulation of Water-salt Distribution under Brackish Water
Film Hole Furrow Irrigation Based on HYDRUS —3D Model

Ma Haiyan' Wang Xin' Zhang Zhanyu’ Feng Genxiang’ Lii Ningjiang'
(1. Water Resources Research Institute of Shandong Province, Ji’ nan 250013, China
2. College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210098, China)

Abstract; As the starting point to the research of water-salt transport rules under the condition of film
hole furrow irrigation, water-salt distribution under brackish water film hole furrow irrigation was studied
systematically by experimental observation and numerical simulation. Infiltration of film hole furrow
irrigation under the condition of laboratory test was simulated with HYDRUS —3D model. Using HYDRUS —
3D model to simulate the infiltration of film hole furrow irrigation was a method with relatively higher
reliability. Simulation scenarios with three holed ratios and four irrigation water amount levels were
designed on this basis. The water-salt transport rules of different simulation scenarios were explored, so
as to provide reference for the design of film hole furrow irrigation. Simulation results showed that when
irrigation amount changed from 450 m*/hm* to 900 m’/hm” , the soil salt in 0 ~40 cm soil depth could be
restrained in a short time, and the salt rejection rate of 3% , 6% and 9% holed ratios were all above
46% , which could provide good environment for the growth of peanuts. Under the condition of film hole
furrow irrigation, irrigation amount should not be less than 300 m’/hm’ for achieving the effects of
economizing water and reducing salt content. The research results could both provide theoretical and
technical basis for popularization and application of brackish water film hole furrow irrigation technology
and provide reasonable soil secondary salinization prevention measures as well as scientific basis for water
management in the field.
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Fig. 1  Schematic of film hole furrow irrigation

experimental apparatus (unit: cm)
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Tab.3 Soil hydraulic parameters
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Tab.4 Composition of soil for fresh water infiltration experiment
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Tab.5 Soil hydraulic parameters of fresh water infiltration experiment
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Tab.6 Film hole arrangement of fresh water infiltration experiment
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Fig.3 Simulated wetting front of film hole arrangement 2
at different moments
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Fig.4 Comparison of simulated wetting front with
measured value at different moments
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Fig.5 Comparison of simulated and measured soil water contents and salt contents under film hole furrow irrigation

with brackish water
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Tab.7 Simulation schemes with different amounts of irrigation water
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Fig. 6 Simulated soil water contents and salt contents of film hole arrangement 1 with different amounts of irrigation water

FERINIEE) 0 ~40 em + 2 EERMBOR, /b 14
ARIRBE RGP RET . DG, o Ik B R TR 3 AR
e AL TR HE 46 F R MK AR B /T 300 m/hm

3 Fig

(1) #I 3 HYDRUS — 3D £ 70 x 5 Py 4l 56 4% 1

TR LYAHE K Hh 2 B AT T BB AL ST,
PR PN 35 7K R L R B e A R ADUE - 52 D A 2 1]

®8 HEMERITEMIER

Tab.8 Evaluation indexes of simulation results

BAFTE—E i 22 , (5 22 16 — 5 Fe v [ P, UL

T R 05 LA 8205 19— S, 0, O A
WER/ % R/% HYDRUS — 3D #5% R A5 40 55 L 76 8 A 38 19 K £ 4 A
300 85.891  45.28 AR R . ORI S B BEILAE R R A T
450 81.38 55. 81 RARH B,
1 2WWH 6 HEFL 3 600 70.93 58. 64 (2)%f HYDRUS - 3D &g 47 W, %11 3 A
750 47.84 57.48 TEFLR T 4 A K B KO B4y 28, 3 1 B 7R At
90  49.65  67.04 SN AR 707 22 T 1 K 38 B BURR AT IR 2 B 25
300 90301 45.37 S« g 1 B K T B AR L 48 A 7 AL Y 4%
450 8838 49.38 14 F 13 AR R B/ TF 300 m?/hm?,
2 &l e dL 6 600 86.50  49.80 (3) I/ HYDRUS — 3D 5% 74 452 40 I £L 3% HE 7k
750 70.28 4997 3B B 7 R 25 AE BT B MK £ 52 B L
90 6040 5158 i 1E LB TR L (A2 25 7E — i A VL 9F
00 89T e S S X L ) 9 K £R 38 R 3 B A A B
WO e 46T A AR AR IR A B R W)
PORBBIIOREL o 00 w30 G kR WG B AR A PR AT
;Z‘; :Z z‘]‘j SR R TR 46 A — 2 L R 5 4% R 1 4 1 A
FHIE A 4 — B IE 552 3%
5 £ X W
1 P NRSLFEDKFIFS. P EAREIEAH 2011 4F[R]. Jbat . E KR K L H R, 2012,

X E W gy B AR 21 22K RS LM ] b st B2 e, 199601 - 5.

gl HRFE AR 47 PR AR M R AL AR EOR BT S SR B R B[ T ] K BEIR AR 477,2006,22 (1) 19 -22.

Shan Jie, Shao Xiacohou. Status and prospects of high-efficient and safe utilization of poor quality water for agriculture[ J]. Water
Resources Protection, 2006, 22(1): 19 =22. (in Chinese)

R KA, B8RS JETH N K2 A A R 2R B A ST [T ] HusRRh= 5 PRBE 24 ,2009,31 (1) =79 - 84.

Zhao Yuting, Zhang Zheng, Lii Lianhong, et al. Spatial variability assessment based on spatial cluster analysis of groundwater
variables[ J]. Journal of Earth Sciences and Environment, 2009, 31(1): 79 —-84. (in Chinese)

TRV AR, SRS . B 22 L R ST T R X RN M R K KA E R S AR [T R R 5 B 8 AR 3R, 2009,
31(3):285 -290.

Jiang Ling, Li Peicheng, Guo Jianqing. Hydrochemical characteristics and evolution laws of groundwater in typical oasis of arid
areas on the west of Helan mountain[ J]. Journal of Earth Sciences and Environment, 2009, 31(3): 285 -=290. (in Chinese)

RUAIE ATl b UK BE IR A T BT SE [T . M BE 5 B AR SR} 2 ,2004,20(2) :57 - 60.



%2 1 higae 45 . 2T HYDRUS - 3D KUK 5 £L 14 9 7K £ 20 A SO A 42 145

11

12
13
14

15

16

17

18

19

20

21

22

Liu Youzhao, Fu Guanghui. Utilization of gentle salty water resource in China[ J]. Geography and Geo-Information Science, 2004,
20(2): 57 =60. (in Chinese)
Ayars ] E, Schoneman R A, Dale F, et al. Managing subsurface drip irrigation in the presence of shallow ground water[ J].
Agricultural Water Management, 2001, 47(3) . 243 - 264.
AN SR, BRAR, 5. EHANSMOBOK A BUR A @R 0T]. HR AR ,2003(8) 23 - 5.
Shalhevet J. Using water of marginal quality for crop production: major issues[ J]. Agricultural Water Management, 1994, 25(3) .
233 -269.
Pasternak D, Sagih M, DeMalach Y, et al. Irrigation with brackish water under desert conditions XI. Salt tolerance in sweet-corn
cultivars[ J]. Agricultural Water Management, 1995, 28(4) . 325 —334.
Mordeckai Magaritz, Arie Nadler. Agrotechnically include salinizaiton in the unsaturated zone of loessial soils, N. W. Negev,
Israel[ J]. Groundwater, 1993, 31(3): 363 - 369.
TR BT B EORPE X T L R E AR (D], B AT T KA ,2008.
g, LA AKS TS [ D], mg At i K % ,2007.
Abbasi F, Feyen J, van Genuchten M T. Two-dimensional simulation of water flow and solute transport below furrows: model
calibration and validation[ J]. Journal of Hydrology, 2004, 290(1 -2) . 63 -79.
5 INTE G BT F, 4. HYDRUS — 1D 455 280 5 i 259 XK [] E ft0g s T /AR T B MBI [T ], SR BERR 2% 2% ik, 2008,
28(5) .853 —858.
Hao Fanghua, Sun Wen, Zeng Ayan, et al. Simulation of N transfer underdifferent irrigation and fertilization scenarios in the
Hetao irrigation area using HYDRUS — 1D model[ J]. Acta Scientiae Circumstantiae, 2008, 28(5) : 853 —858. (in Chinese)
T VLW, #HOG, JH 4 e, 58 HYDRUS #ERI7E T R XM 5 LIS RO i nz A [T, 57 38 4 b 2% % 41,2004,
27(1) .45 -49.
Meng Jiangli, Dong Xinguang, Zhou Jinlong, et al. Application of HYDRUS model to study of relation between irrigation and soil
salinity in the arid area[ J]. Journal of Xinjiang Agricultural University, 2004, 27(1) : 45 =49. (in Chinese)
Simunek J, Sejna M, van Genuchten M T. The HYDRUS — 1D software package for simulating the one dimensional movement of
water, heat, and multiple solutes in variably saturated media, version 2. 0 M]. Riverside; Colorado School of Mines Publishers,
1998.
F LR WRER VP A B AT MR E O[T, B4 24,2005, 34(1) .20 - 24.
Wu Lanrong, Chen Jing, Xu Tingting, et al. Identification of salt tolerance in peanut growth duration[ J]. Journal of Peanut
Science, 2005, 34(1): 20 —24. (in Chinese)
Abrol I P, Yadav J S P, Masssoud F I. Salt-affected soil and their management FAO soil bulletin 39] M]. Rome: FAO, 1988:.1 -9.
Hoffman G J, Rawlins S L, Garget M J, et al. Water relation and growth of cotton as influenced by salinity and relative humidity[ J].
Agronomy Journal, 1971, 63(6) . 822 - 826.
SRV TT A5, AR L AL NaCl e X AE AR R e msgm [ T]. T B X A& #F5E,2010, 28(3) :177 - 181.
Guo Feng, Wan Shubo, Li Xinguo, et al. Effects of NaCl stress on seed germination of peanut[ J]. Agricultural Research in the
Arid Areas, 2010, 28(3): 177 —181. (in Chinese)
BIWENE , P25, AR OR A5 USR] Eh e B2 o 26 AR A SR PR S R SR AR M [T ] AR A A2, 2011 (11) 235 - 37.
Hu Xiaohui, Sun Lingqgiang, Miao Huarong, et al. Effects of different NaCl concentrations on indicators for evaluation salt

tolerance of peanut varieties[ J]. Shandong Agricultural Sciences, 2011(11): 35 =37. (in Chinese)



